Abstract-A theoretical research on Linear Amplification with Nonlinear Components (LINC) is described with an improved theory to COX's proposed in this article. Input RF signal is separated into envelope component and constant envelope angle-modulated component in the circuit. Two branches of constant envelope angle-modulated component phase modulated by envelope component respectively and conversely are converted frequency and amplified. At last, the amplified up-convertion input signal is achieved through a subtracting circuit. Because the amplification of constant envelope signal can be carried on without distortion in nonlinear region, the whole work efficiency is very high. In this article the power gain of LINC amplifier is derived as and the simulation of the circuit is operated and analyzed. The expectation of theoretical amplification effect is realized and high power efficiency is obtained.
this technique is now widely used in RFPA circuits [8] - [11] . In this article, the basic principle of LINC is studied and some valid improvements are raised with simulation analysis followed. 
II. FUNDAMENTALS
The two amplifiers shown in Figure 1 can be replaced by two oscillators which are phase locked or injection locked as long as they have same amplifier gain.
A. Implementation of signal separation
The principle is that input signal is split into envelope component and constant envelope angle-modulated component which also called baseband component and carrier component. Then the former is modulated in the phase of the latter in one branch and phase -inversely modulated in the other branch. After up conversion and amplified, the two branches are subtracted and the envelope 3rd International Conference on Electric and Electronics (EEIC 2013) component is demodulated from phase. As a result, the input signal is restored and amplified.
As is shown in Figure 2 , the purpose of envelope elimination circuit is to remove envelope from input signal and obtain carrier component. After passing through envelope remove circuit, ( ) S t , the input band-pass signal, is transformed into constant envelope angle-modulated signal ( ) P t , then the envelope signal ( ) E t ′ is achieved from either synchronous detector or a linear envelope detector. And To obtain two separate signals, amplifier's feedback loop is analyzed firstly. The amplifier has a very large voltage gain
. A phase-shifted signal of ( ) P t is modulated by 0 ( ) V t , after passing through mixer and low pass filter, the production is
For closed loop stability let 1 0 ( )
, and assume that the amplifier input impedance is large enough compared to 1 R and 2 R , so that
has a minimum of 1 2k π , and it has a maximum of 1 k when 0 V is small and
It is different with the formula in reference [6] ,
. The reason is that the signal after the synchronous detector is ( ) E t ′ other than ( ) E t . It is obvious that (8) has the same form as (4) provided l G is large enough and the approximation can be made. The size of l G will be determined by the distortion limits placed on the overall LINC amplifier. If 1 k and K are sufficiently large, l G could be less than unity gain and the baseband amplifier could be replaced by a passive addition network, which could increase the realizable bandwidth of component separator. Assume that the values of K , 1 R and 2 R are chosen to satisfy that
and then the output in Figure 2 becomes
Of course the feedback loops should be designed to meet the requirement of phase-shift and gain stability. Note that if the phase modulator in feedback loop cannot produce a linear phase change as a function of modulating voltage 0 V (such as 1 k is a function of 0 V ), then the high-gain feedback loop will compensate that by distorted 0 ( )
That is the only requirement the two phase modulators must have the same modulation characteristic 1 0 ( ) k V . If the modulator with a characteristic 1 sin − could be realized, the feedback loop would not be required.
B. Frequency conversion and amplification
The low-frequency signal is separated into components 1 ( ) O t and 2 ( ) O t which are translated in frequency with the same mixing oscillator, and then amplified as is shown in Figure 2 to produce
The mixers and amplifiers can be nonlinear. The output is the amplified signal whose frequency is converted into f MHz = and carrier frequency stay unchanged, with properly adjusting sampling frequency Figure 4 is obtained. In the figure, the amplitude of output voltage is unchanged and there is no distortion in amplification. As for the two peaks in power spectrum density, it is a result of two-tone signal. C. For 3GHz carrier, baseband at 50MHz and 0.5 K = When baseband frequency stays at 50MHz and carrier frequency is replaced by 3GHz, Figure 5 is produced, where amplitude of output signal has no change and is amplified without distortion. 
D. For 10V signals
From the foregoing, LINC amplifier operates without distortion under different baseband frequency and carrier frequency.
When amplitude of input signal is changed into 10V and coefficient of envelope elimination circuit K is changed into 5, the result is shown in Figure 6 . It follows that LINC amplifier works without distortion under different amplitude of input signal. 
IV. CONCLUSIONS
LINC technique is applied to non-constant amplitude and phase signal. It realizes linear amplification by means of transforming input signal into constant envelope signal. The amplifier is able to work in nonlinear region (saturation region), that's why it has high efficiency and processes signal of large PAPR without distortion. However, there must be a precise balance between the two branches and no phase delay or amplitude deviation, and two amplifiers must have the same characteristic absolutely. Here an improvement is brought up. With the research on COX's theory, improvement is made, simulation and its analysis is carried on. The result shows that LINC technique is suitable for different amplitude and frequency, and amplification factor is codetermined under the condition without loss by 
